
Cleared 7 Sept 00 by ASC 00-1781

This paper was published in the Proceedings of the 2000 SAFE Association Symposium, Reno, NV, October 9-11, 2000.

Integrated Panoramic Night Vision Goggles Fixed-Focus Eyepieces:
Selecting A Diopter Setting

H. Lee Task, Ph.D.
Air Force Research Laboratory

Human Effectiveness Directorate
Wright-Patterson AFB, OH 45433-7022

ABSTRACT
Du e to the d esign of th e eyepieces  o f the pa nor amic nig ht visio n g og gles ( PNVG)  an d the newer integr ated p an ora mic n igh t
vision gog gles (IPNVG), th e eyepiece will ha ve a fixed focus .  This mea ns th e eyep iece will be set to s ome fixed value res ultin g in
a virtu al im age of the ima ge in ten sifier tub e a t s om e fixed dis tan ce between  in fin ity a nd th e o bserver.  This eyep iece setting is
sp ecified in  terms  o f d iop ters where th e d io pter value is th e n ega tive of th e r ecipr oca l o f the virtual im ag e d istan ce in meter s.
Ca t' s Eyes  n igh t vis ion  go gg les  (NVG s) used by the U S Navy r epo rtedly h ad a fixed fo cus  of a bou t - 1.0 d iop ters.  This p aper will
discuss  th e theoretical ba sis for th e d iop ter s ettin g a nd th e r esu lts o f var iou s field sur veys and  in-h ous e tes ts to  deter mine
ob servers'  p references reg ar din g eyepiece fo cus  setting s a nd  ob jective mea su res  of their r es ulting  visu al acuity.

INTRODUCTION AND BACKGROUND
The panoramic night vision goggles (PNVG) produce an intensified field of view of approximately 100 degrees horizontal
by 40 degrees vertical by combining the images from a total of 4 image intensifier tube channels1.   Both eyes see the central
part of the field of view through the two inboard channels,  but only the right eye sees the right outboard channel and only
the left eye sees the left outboard channel.  The inboard and outboard channels are combined by using two eyepieces
cemented together at an angle to produce two "windows" through which the image is seen (see Figure 1).  Normally,
eyepiece focus is obtained by installing the eyepiece lens in a movable lens cell that can be moved closer to or further from
the output of the image intensifier tube.  This adjustment moves the virtual image produced by the eyepiece closer to or
further from the observer.  However, the PNVG eyepiece arrangement makes it almost impossible to make an eyepiece that
can be moved (i.e. focused).  Therefore, it is desirable to select a single, fixed focus setting for the eyepiece that would be
acceptable to all potential users of the PNVGs.

There are currently a dozen PNVGs that have been fabricated under a Phase 2 Small Business Innovative Research (SBIR)
program primarily funded by the US Air Force Research Laboratory Helmet Mounted Sensory Technology (HMST)
program office. These PNVGs were specified to have a fixed focus eyepiece of -0.75 diopters which means the virtual image
produced by the eyepieces would be located about 1.33 meters from the observer (1/0.75).  Four of these PNVGs were
measured using a handheld dioptometer (see Figure 2) that showed the actual settings ranged from -0.2 to -1.0 diopters6.
These PNVGs have been flown by several aircrew members without any complaints regarding image quality and focus that
could be attributed to the diopter setting indicating that a fixed diopter setting within this range should be acceptable.

The US Navy adopted the Cat's Eyes NVGs over a decade ago and only recently has converted to the newer, higher
resolution AN/AVS-9 NVGs.  The Cat's Eyes NVGs have a fixed-focus eyepiece, reportedly specified to be about -1.0
diopters, because of the unique "see-through" beamsplitter design.  During the 10 years or so that the US Navy flew with
these NVGs there was no documented indications that the pilots had any problems with the fixed focus eyepiece.

The US Air Force currently flies F4949 (AN/AVS-9) NVGs which have adjustable eyepieces with a range of about +2 to -4
diopters.  These eyepieces are adjusted by the aircrew members themselves for "best focus."  One approach to determining
what eyepiece focus would be appropriate is to measure the settings that crewmembers are selecting for themselves currently
using the adjustable eyepieces.
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All rated aircrew members must pass a flying physical before they are permitted to fly.  This physical includes an eye test
that measures the individual's visual acuity for both far (infinity - 0 diopters) and near (about 16 inches - about 2.5 diopters).
Therefore anyone passing a flight physical should be able to focus on an image produced anywhere from 16 inches (-2.5
diopters) to infinity (0 diopters) implying that the eyepiece fixed focus lens could be set anywhere within this range (0 to -
2.5 diopters).  However, if the individual had to be fitted with bifocal lenses in order to see this range (near and far) this
indicates the individual's accommodative range was less than 2.5 diopters.  Since the upper lenses are set for the "far" vision,
and this is the part of the eyeglasses the individual would be looking through to see the NVGs, it would be inadvisable to
have the NVG image produced too close to the individual.

In order to obtain more information that might facilitate a selection of a fixed eyepiece focus for the new integrated
panoramic night vision goggles (IPNVG),  three activities were undertaken: a controlled in-house pilot study of eyepiece
focus preference and repeatability, eyepiece measurement of  a dozen US Navy Cat's Eyes NVGs, and measurement of
USAF aircrew members' eyepiece settings using AN/AVS-9.  This paper provides a summary of these efforts and the
results.

     
   Figure 1.  Panoramic night vision goggles    Figure 2.  Dioptometer used to measure eyepiece settings

IN -H OUS E S TU DY OF EY EPI ECE FOCU S S ETTIN G
Meth od
A br ief  pilo t s tud y was  co nd uct  using AN/AV S-9  NV Gs  with ad jus tab le ey epiece f ocu s.  A to tal o f 6  ob servers  participated .
Th e obs erv er s r ang ed  in  ag e fro m 3 1 years to  47  year s w ith  a mean of  38 .8 years  an d a s tan dard dev iatio n o f 5.6  year s ( 3 m ale, 3
female) .  All o bserv ers  had 20/20 distance v ision an d w ore eith er co ntacts  o r eyeg lasses.  Ther e w er e two parts  to  this  stud y.  In 
th e fir st part the N VG eyepieces w er e s et to  -0 .5 diopters  and -1.5 dio pters  an d the visual acu ity  o f the ob ser ver s was  meas ured
us in g the "w alk -back " m eth od  2.  For the s eco nd part, ob servers were ask ed  to  ad ju st the two ocu lars of th e N VG un til th ey  were
co mf ortable with the result.  The ob ser ver 's  visual acu ity  and eyepiece fo cu s s ettin g w ere then  meas ured and  recor ded.  Th is  was
do ne on  th ree cons ecutive days   for a total of  th ree trials fo r each  o bserver.  All viewing was d one at an " op tim um"  illu min an ce
level o f ab ou t 1 /4 mo onligh t illuminatio n.

Resu lts 
Fo r the firs t p art, there was n o s tatis tically sig nificant d iff erence in v is ual acuity between the two dio pter eyepiece setting s ( -0 .5
an d -1.5) .  Th e averag e v is ual acuity at -0 .5 was  2 0/2 4.2  and the aver age f or -1.5 was  20 /2 5.0 .  Fo ur of th e s ix ob ser ver s did 
slig htly b etter  with  th e - 0.5 s ettin g and tw o d id sligh tly  better with the -1 .5  setting .

Th e res ults of the s eco nd part of th e s tud y are best represented in Fig ure 3 .  Each obs erv er  set the right and lef t ocu lar s of an
NV G a total of thr ee times .  Th e g raph in Figur e 3  s how s the ob ser ver/o cular  co mbinatio n ( 1L th rou gh  6R) at the bo ttom of th e
ch ar t.  Fo r each o f these ob ser ver /o cular co mbinatio ns, th e  ob ser ver s et th e eyep iece focus  3 tim es  as  depicted b y the diam ond ,
sq uare, an d triang le sy mbo ls  sh own  in the legen d.  A line was d raw n fro m the tw o extrem e eyepiece settings  d one by  each 
ob server f or  each ey epiece indicatin g the range of  s etting s that a p articu lar o bserv er set f or that eyepiece.  Presu mab ly, this  line is 
repr esentative of th e r ang e of values f or wh ich  th e obs erv er  was s atisf ied  w ith  th e settin g.  The ho rizontal line at -0 .75  d iop ter s is
a po ten tial eyepiece value to b e s elected fo r the IP NVG .  No te that this - 0.75 lin e goes thr oug h the range o f 9  of  the 12 
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ob server/eyepiece co mbinatio ns.  For  th e 3  comb inations  it m iss es (n oted b y a circle ar oun d the co mb inatio ns  - 1L, 2 L, 1R), th e
am ou nt it misses b y is not v ery  mu ch .  The m aximum  " mis s" is  1L wh ich m iss es  by  -.2 5 dio pters .  The aver age f or the 3 6
read ing s ( 2 ocu lar s, 6 obs er ver s, an d 3  tr ials each)  was - 0.74 dio pters ; very clo se to  th e -0.75 un der  co ns ideratio n f or th e I PNV G
fo cu s.  Th e two  heav y, hor izontal lines  sh ow  th e averag e p lu s o ne stand ard  d eviation  an d the av erage minus  o ne stand ard 
deviation fo r r eference.

Figu re 3.  S umm ary  o f r esu lts o f eyepiece fo cus  setting .   The av erage of  all readin gs  was - 0.74 dio pters .

FI ELD S TUD Y OF EYEPI ECE SETTING S
An  u npu blish ed Air  F orce s tu dy con du cted in the early 1 990 's  su rveyed A NVI S nig ht visio n g og gle us er s o n a n umb er of 
ch ar acteristics 7.  One of th e elem en ts of th e s urv ey  was f or  th e aviato rs to  set the ey epiece f ocu s on the N VGs  as  they  were
tr ained  to  d o.  So me of  th e aviato rs  had b een taug ht to  ju st set the ey epiece f ocu s to zer o dio pters .  The r emaining  10 9 aviato rs
ad ju sted the ey epiece f ocu s for  "b es t f ocu s."  This res ulted  in  an  aver age eyep iece settin g of -1.1 dio pters  with a standard 
deviation of  ab out 1 .2 dio pters .  On e p rob lem w ith  this  su rv ey is th at the eyep iece settin gs  were deter min ed  fr om th e d iop ter
scale o n the NV Gs.  Even tho ugh  th e par ticular ANV IS  night v ision go ggle that w as us ed had  b een  calibrated  at the lab to ins ure
co rr ectnes s of the s cale, th e s cale was  rath er cou rs e w ith  an estimated  "least cou nt" o f 1 /4  diopter .  To valid ate this  data a field 
stud y w as co ndu cted at Nellis A FB, NV  with ex per ien ced N VG av iators .

Meth od
On e pro blem with collectin g field data is th e lack  o f contro l.  NV G qualif ied p ilo ts  ad jus ted their NVG s as they h ad  been tr ain ed
an d then w er e asked to let u s check the ey ep iece f ocus setting on th eir  NV Gs .  Sin ce th e d io pter s cales  on  the NVG s are no t
always valid  in dicators  of  actu al diopter setting, each  ocular was  m eas ured using a dio pto meter  (s ee figur e 2).  Prior to
meas uremen t the diop tom eter had  to  b e adju sted for  the inv es tig ato r's eye by  ad jus ting the eyep iece of the d iop tom eter.  This w as
do ne by  setting  th e dio pto meter  to  zero  diop ter s ( see f igu re 2)  an d then adjusting  the eyepiece fo r bes t f ocus while viewing  a
distant ob ject (gr eater  th an  20 0 f eet -  see fig ure 3 ).  On ce th is ad jus tment was d on e, the investigator  co uld u se th e d evice to 
determine th e eyep iece focus  setting  of  th e NVG s.  The dio ptometer  w as pos ition ed at th e eyepiece of  th e N VG  (s ee figur e 4 )
an d then it was  ad ju sted ( us ing  th e scale po rtion, N OT the ey ep iece  ad jus tment) u ntil the im ag e in the NV G eyepiece was in
go od  fo cus .  Best (m ost repeatable) measur em ents w er e o btain ed by block ing  ligh t com ing  in to  th e N VG s and us ing  th e
scin tillatio n p atter n as a f ocu sin g tar get.  Af ter  the dio ptometer  w as adjus ted  to  o btain best focus , the diopter reading was
ob tained d ir ectly fr om the s cale o n the diop tom eter (see f ig ure 2) .  Th e s cale was  m ark ed ev ery  0.2 dio pters  an d cou ld eas ily b e
in terpo lated  to  th e neares t 0.0 5 d io pters.

Data was collected  f rom  11  aviator s that f lew d uring  th e d ata collectio n p er iod .  In  ad ditio n, eyepiece fo cu s s ettin gs mad e by 5
other aviato rs wer e als o m easur ed with 2 o f the 5 particip ating  tw ice to o btain  an  indicatio n o f r ep eatability.

    
Figu re 3.  A dju sting  th e diop tom eter  fo r inv estigato r's  ey e        F igu re 4.  Meas ur ing  diop ter  setting  of   F49 49 NV Gs.

Resu lts 
Th e averag e for  th e 16 pilots ( 2 w ith r epeated measu res ) f or  th e 2  o culars  ( 36 data points ) was  -0 .9 6 d iop ters with a s tan dard
deviation of  0.78 diopters .  Th is is  relativ ely  clos e to the -1 .1 diopters  o btained in the u npu blish ed Air  F orce s ur vey .  Th e aver ag e
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setting  fo r the 11  p ilo ts th at flew actual m iss ion s with the NV Gs th at they had  ad ju sted d ur ing  ou r measur em ent visit w as -0 .63 
diop ter s w ith a stan dar d d ev iation  o f 0 .63 .

On e ind ividu al in particular  had a r elativ ely h igh  r ead ing  o f - 2.5  d iop ter s in each eye.  In  an  ef fo rt to deter min e the sign ifican ce
of  this  relativ ely  h igh  setting , w e adjusted  an  NV G to -0.75  diopter s in each eye an d asked the in divid ual to look  thro ugh  the
NV Gs  at th e Hof fman 20/20 NV G tester  to  see if he fo und  th is  setting  accep table.  His res pon se was that h e cou ld pro bably  ad ap t
to  this  setting  bu t that w hen h e jus t q uickly look ed  in to th e tester  (w hich pro vid es  a ser ies o f b ar  pattern s o f d if fer ent levels of 
reso lution ), he co uld o nly  s ee abo ut 20 /35  S nellen  acuity wh ereas with the s etting  h e h ad ad jus ted  to ( -2.5 dio pters ) h e cou ld
read ily  see som eth in g b etter  th an 20 /25  Sn ellen  acuity.  Whether this is a d ark  fo cu s affect, an ins tru men t myo pia effect, o r
so mething else rem ains to be seen.  How ever, if  th er e are in div idu als w ith in  th e N VG  flyin g pop ulation that hav e d if ficulty
acco mmo datin g to a f ixed f ocus eyepiece setting  of  abou t - .7 5 dio pters  th en we need to  ad dress  th is is sue.

CA T'S EYES  N VG MEA SU REM ENTS
Meth od
A to tal of  1 2 Cat's Eyes N VG s w ere o btained fro m the US  Navy  to  meas ure th eir f ixed focus ey epiece d iop ter  s etting .  Since
th er e w as an  in dication  th at th e Cat's Eyes mig ht have astig matism , a s lig htly dif feren t m easur ement strateg y w as us ed.

         
Figu re 5. Cat's  Ey es  NV Gs fo cus ed on  distant bar tar get Figu re 6.  U sin g d io pto meter  to  meas ure Cat's Ey es 

A gr ating pattern was s et up  at th e end  of  a lo ng ro om (15 0 feet away- see f igu re 5)  an d the NV G o bjective lens  was  ad jus ted f or
best fo cus .  Th e d io pto meter  was then adju sted for  the inv es tig ato r's eye as  befor e and  fo cu sed  to  p rod uce the bes t image of  th e
vertical b ar s.  Th is  diopter  reading  was r ecord ed an d the gr ating was then  turn ed 90  degrees  to  pr od uce  hor izo ntal bar s.  Again,
th e dio pto meter  was adjusted  fo r b es t f ocu s of the h orizon tal b ars .  If  as tigmatis m was presen t the ho rizon tal and ver tical bars 
wo uld b e in focus at different dio pter settings  on  the dio ptometer .  No  co ns istent astigmatism eff ect w as fo und .  A total of  fo ur
ob servers made measu rem ents of each of the 2 4 o cular s.

Resu lts 
A to tal of  6  measu remen ts were mad e for  each  Cat's  Eye ocu lar: 3 m easur ements f rom  o ne obs er ver  an d 1 m eas ur ement each
fr om  3 mor e obs erv er s.  Th er e w as no  significan t d if fer ence between obs erv er  measu remen ts.  These 6 readin gs  were av eraged  to
ob tain a s in gle diop ter  valu e f or each of th e 2 4 o cu lar s.  The average dio pter value fo r the 24  oculars  was -0.24 diopters  w ith  a
stan dar d d ev iation  ( for  th e 6 r ead in gs)  of  0 .07  diop ter s.  The optical pow er  of  th e 24 ocu lars ran ged f rom  - 0.0 7 d io pters to  -0 .42 
diop ter s.  This  is  s ign ificantly d if fer ent than  th e rep orted  sp ecified value of  -1 .0  diopter s.

DISCUSSION  and CONCLUSIONS
From the results of the different sections presented above, it is apparent that there is no obvious eyepiece diopter value that
should be selected.  The in-house study points to a -0.75 diopters as a reasonable choice, the Nellis field data suggests
something between -0.6 and -1.0 diopters, and the Cat's Eyes data suggests that -0.25 was an acceptable value for Naval
aviators.  In addition, the unpublished Air Force survey effort noted earlier had an average eyepiece setting of -1.1 diopters
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with a standard deviation of about the same size7.  The unpublished manuscript by Gleason5 concluded with several options
that all involved a fixed setting with "snap-on" auxiliary lenses.  In the Gleason study, they found the best visual acuity was
at -0.75 diopters, with -0.5 diopters a close second.  In addition, in their "long-term" wear study they found subjects
commented (unsolicited) on discomfort for the fixed -1.5 diopter setting (long-term was for a 4 hour period)3,4.  Based on
these results, it appears that a fixed focus value somewhere between -0.25 and -1.0 diopters should be reasonable.  The
concern with selecting too high of a minus value (e.g. -1.0) is that hyperopes (far-sighted folks) might have difficulties.  On
the other hand, there are some individuals that are adamant that they need a high minus value (e.g. the Nellis anecdote
related previously).

Another factor that needs to be considered is the visual capability of the individual if he/she needs to remove the NVGs and
just use unaided vision.  If the individual is presbyopic (focus ability about gone due to age), and he/she needs glasses in
order to see the NVG image set for -1.0 diopters, then that person's vision will be adversely affected if the NVGs are
removed.

It is apparent that further work needs to be done in this area.  However, it appears the current best solution to the fixed focus
problem is probably to select either -0.5 or -0.75 diopters for a setting and provide selected "snap-on" lenses, at least for the
current program of the IPNVG, to achieve other settings (to be determined).  This will allow for an actual field evaluation of
the IPNVG with different eyepiece focus settings and may lead to an acceptable, single value for eyepiece focus.
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